[TITLE OF THE INVENTION] 
INJECTION MOLDING MACHINE 

[BACKGROUND OF THE INVENTION] 

1. Field of the Invention 

Tlie present invention relates to an injection molding 
machine, and in particular to an injection molding machine 
having a toggle type mold clamping apparatus. 

2. Description of the Related Art 

In a toggle type mold clamping apparatus, a toggle 
mechanism is disposed between a movable platen mounted with a 
movable side mold and a rear platen, and the movable platen is 
moved toward a stationary platen mounted with a fixed side mold 
by driving the toggle mechanism so that the movable side mold 
and the fixed side mold are caused to abut on each other. 
Further, such a constitution is employed that a mold clamping 
force is generated by driving the toggle mechanism to stretch 
tie bars for coupling the movable platen and the rear platen 
and a set mold clamping force can be obtained in a lockup state 
where a toggle link has been stretched up to a predetermined 
position . 

Therefore, it is necessary to adjust a position of the 
rear platen (a distance between the stationary platen and the 
rear platen) according to a thickness of the mold and a mold 
clamping force to be set and to make adjustment (a mold thickness 
adjustment) so as to obtain a set mold clamping force when the 
toggle mechanism has been locked up. 



1 



In an injection molding machine using the toggle type mold 
clamping apparatus, various kind of methods for setting a mold 
clamping force automatically have been already developed (for 
example, refer to Japanese Patent No. 2620108) . However, these 
methods are constituted such that a mold clamping force is set 
at a condition setting time before an automatic operation is 
performed in an injection molding machine, such as after mold 
exchange has been conducted, or after an automatic operation 
is interrupted in order to perform an adjusting work for a mold 
clamping force. 

In an injection molding machine, since resin with a high 
temperature is injected into molds during an automatic 
operation, the temperature of the mold rises so that the molds 
expand. As a result, since the mold clamping force fluctuates, 
it is necessary to adjust the mold clamping force. In such a 
case, it is conventionally implemented to stop an automatic 
operation once to adjust the mold clamping force. A method 
where a temperature sensor for a mold is additionally provided 
and a mold clamping force is corrected so as to correspond to 
a mold temperature has been also proposed (refer to JP No. 
H5-200812A and JP No. H4-103311A, for example) . Furthermore, 
a method where a mold clamping force sensor or a strain sensor 
is additionally provided to detect an actual mold clamping force 
and a clamping force adjustment is conducted on the basis of 
a detection thereof has been proposed (refer to JP No. H7- 
118984B and JP No. S61-283518A, for example) . 

Further, in a hydraulic type injection molding machine. 
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a method where a hydraulic pressure of a hydraulic cylinder for 
driving a toggle mechanism at a time of generation of a mold 
clamping force is measured, the measured hydraulic pressure is 
compared with a measured hydraulic pressure obtained after 
adjustment of the mold clamping force, and adjustment of the 
mold clamping force is conducted (refer to JP No. H7-137104A, 
for example) , and a method where, when a pattern of a hydraulic 
pressure detected is different from a pattern at a normal time, 
abnormality is displayed (refer to JPNo. S59-76653A) have been 
known. Further, a method where a driving force (a hydraulic 
pressure) for driving a toggle mechanism during molds closed 
is measured, and when the driving force measured exceeds a 
predetermined range, a mold clamping force is adjusted by 
adjusting a position of a rear platen (refer to JP No. S50- 
2370B, for example) has been also known. 

In the toggle type mold clamping apparatus, adjustment 
is conducted such that a set mold clamping force is generated 
in a state where a toggle link has been stretched up to a 
predetermined position. In an injection molding machine where 
the toggle type mold clamping apparatus is driven by a 
servomotor to conduct mold clamping, the mold clamping is 
conducted by detecting a state of the toggle mechanism on the 
basis of a rotational position of the servomotor or the like 
to perform position control so as to attain a lock up position. 
On the other hand, since resin with a high temperature is 
injected into the molds, the temperature of the molds rises so 
that the thickness of the mold fluctuates. As a result, since 
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the mold clamping operations is controlled by position control, 
even if control to the same position (the lockup position) is 
performed, a mold clamping force is changed by a magnitude 
corresponding to the fluctuation of the thickness of the molds. 

[SUMMARY OF THE INVENTION] 

A first aspect of an injection molding machine according 
to the present invention comprises a toggle type mold clamping 
apparatus which is disposed between a movable platen mounted 
with a movable side mold and a rear platen and which moves the 
movable platen forward and rearward by a servomotor for a mold 
clamping; and mold clamping force adjusting means which adjusts 
a position of the rear platen according to a difference between 
a mold clamping force obtained by measurement every 
predetermined number of molding cycles or an average of such 
mold clamping forces and a predetermined reference mold 
clamping force. 

The injection molding machine according to this aspect 

can take the following embodiments. 

The reference mold clamping force may be a value acquired 

by performing one molding cycle or an average value of a 

plurality of mold clamping forces acquired by performing a 

plurality of molding cycles. 

The mold clamping force is a load of a mold clamping 

servomotor (for example, a current value) obtained by 

measurement during a mold clamping or obtained by measurement 

during at a time of mold unclamping. 
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An alarm is outputted when an adjustment amount of the 
position of the rear platen or the accumulation of such 
adjustment amounts exceeds a predetermined adjustment amount. 

Further, a second aspect of an injection molding machine 
according to the present invention comprises a toggle type mold 
clamping apparatus which is disposed between a movable platen 
mounted with a movable side mold and a rear platen and which 
moves the movable platen forward and rearward by a servomotor 
for a mold clamping; and mold clamping force adjusting means 
which adjusts a position of the rear platen according to a 
difference between a load of the mold clamping servomotor 
obtained by measurement every predetermined number of molding 
cycles or an average of such loads and a predetermined reference 
load of the mold clamping servomotor. 

The injection molding machine according to this aspect 
can take the following embodiments. 

The reference load of the mold clamping servomotor may 
be a load acquired by performing one molding cycle, or an average 
of a plurality of loads acquired by performing a plurality of 
molding cycles. 

The load of the mold clamping servomotor is a load applied 
to the mold clamping servomotor during mold clamping or at a 
time of mold unclamping. 

The load applied to the mold clamping servomotor may be 
detected from a current value of the mold clamping servomotor, 
or may be detected by an observer provided on the mold clamping 
servomotor. 
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Alarm is outputted when an adjustment amount of a position 
of the rear platen or the accumulation of such adjustment 
amounts exceeds a predetermined adjustment amount. 

According to the present invention, in an injection 
molding machine using a toggle type mold clamping apparatus 
driven by a servo motor, fluctuation of a mold clamping force 
during automatic operation thereof is suppressed so that a 
stable mold clamping force can be obtained. 

[BRIED DESCRIPTION OF THE DRAWINGS] 

The above-described and other objects and features will 
be apparent from the description of the following embodiments 
with reference to the drawings, in which: 

Fig. 1 is a schematic diagram of an injection molding 
machine according to one embodiment of the present invention; 

Fig. 2 is a diagram showing measured values of a driving 
current of a mold clamping servomotor used in the injection 
molding machine shown in Fig. 1, obtained when a mold closing 
operation, a mold clamping operation and a mold opening 
operation are conducted by the servo motor; 

Fig. 3 is a graph showing a relationship between a peak 
current value of a driving current of a mold clamping servomotor 
during mold clamping and a generated mold clamping force; 

Fig. 4 is a flowchart for explaining a mold clamping force 
adjustment processing in the injection molding machine shown 
in Fig. 1; 

Fig. 5 is a flowchart continuing from the flowchart shown 
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in Fig. 4; 

Fig. 6 is a graph showing a relationship among a mold 
temperature, a peak current value and a mold clamping force in 
an injection molding machine to which the present invention is 
not applied; and 

Fig. 7 is a graph showing a relationship among a mold 
temperature, a peak current value and a mold clamping force in 
an injection molding machine to which the present invention is 
applied. 

[DESCRIPTION OF THE EMOBDIMENTS] 

Fig. 1 is a schematic diagram of a main portion of one 
embodiment of the present invention. A stationary platen 1 and 
a rear platen 2 are connected to each other by a plurality of 
tie bars 4. A movable platen 3 is arranged between the 
stationary platen 1 and the rear platen 2 so as to be movable 
along the tie bars 4. Further, a fixed side mold 5a is mounted 
to the stationary platen 1, and a movable side mold 5b is mounted 
to the movable platen 3. 

A toggle mechanism 6 is arranged between the rear platen 
2 and the movable platen 3, and a nut provided on a cross head 
6a of the toggle mechanism 6 is screwed to a ball screw 7 mounted 
to the rear platen 2 to be rotatable but unmovable in an axial 
direction of the ball screw 7. A toggle type mold clamping 
device is constituted such that opening, closing and mold 
clamping operations of the molds 5a and 5b are conducted by 
driving the ball screw 7 by a mold clamping servomotor 8 via 
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a power transmission mechanism to move the movable platen 3 
toward or away from the stationary platen 1. Incidentally, a 
position/speed detector 11 detecting rotational position/ 
speed of the servo motor such as an encoder or the like is mounted 
to the mold clamping servomotor 8, so that a position of the 
cross head 6a, i.e., a position of the movable platen 3 (the 
movable side mold 5b) can be detected. 

Further, such a constitution is employed that end 
portions of the tie bars 4 are threaded and the nuts 9 screwed 
to the threaded portions are rotationally driven via a power 
transmission mechanism (not shown) by a mold clamping force 
adjusting motor 10 so that the rear platen 2 can be advanced 
and retreated along the tie bars 4, and mold clamping force 
adjusting means is constituted with the mold clamping force 
adjusting motor 10, the nuts 9 and the like. 

Reference numeral 20 denotes a controller for controlling 
the injection molding machine, and only a main portion of the 
controller is described in Fig. 1. A memory 22 comprising a 
ROM, a RAM and the like, an axis control circuit 23 for 
controlling a position, a speed and a current (a torque) of the 
servo motor, an input/output circuit 25 and an interface 26 are 
connected to a processor 21 for controlling the whole of the 
injection molding machine via a bus 28. 

The axis control circuit 23 comprises a processor, a 
memory, an interface and the like. A position/speed feedback 
signal from the position/speed detector 11 mounted to the mold 
clamping servomotor is fed back to the axis control circuit 23, 
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and a current feedback signal from a current detector 12 for 
detecting a driving current for driving the mold clamping 
servomotor 8 is fed back thereto. The mold clamping servomotor 
is connected to the axis control circuit 23 via a servo amplifier 
24. Furthermore, the mold clamping force adjusting motor 10 
is connected to the input/output circuit 25 and a display device 
27 is connected to the interface 26. 

A program for controlling the injection molding machine 
is stored in the memory 22, and the processor 21 controls the 
injection molding machine on the basis of the program. 
Regarding the mold clamping operation, the processor 21 outputs 
a movement instruction to the axis control circuit 23 on the 
basis of the program. The processor of the axis control circuit 
23 performs feedback control on a position, a speed and a current 
on the basis of a received movement instruction, a 
position/speed feedback signal from the position/speed 
detector 11, and a current feedback signal from the current 
detector 12, and it controls driving of the mold clamping 
servomotor 8 via the servo amplifier 24. 

According to drive of the mold clamping servomotor 8, the 
ball screw 7 is rotated, the cross head 6a of the toggle mechanism 
having the nut screwed to the ball screw 7 is moved along the 
ball screw 7, the toggle mechanism 6 is driven, and the movable 
platen 3 is advanced or retracted so that a mold opening, a mold 
closing and a mold clamping of the molds 5a and 5b are conducted. 

The position of the rear platen 2 is adjusted by the mold 
clamping force adjusting motor 10 such that, when the movable 
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platen 3 is advanced by the toggle mechanism 6 to cause the 
movable side mold 5b to abut on the fixed side mold 5a and the 
movable platen 3 is further advanced to reach a lockup position, 
a predetermined mold clamping force is generated. That is, when 
the movable side mold 5b is caused to abut on the fixed side 
mold 5a and the movable platen 3 and the movable side mold 5b 
are advanced, the tie bars are stretched. This is because the 
stationary platen 1 and the rear platen 2 are coupled to each 
other by the tie bars 4. A mold clamping force can be obtained 
due to a reaction force against stretching of the tie bars 4, 
and the position of the rear platen 2 is adjusted such that when 
the toggle link is stretched up to its limit so that the tie 
bars are stretched up to the maximum, the set mold clamping force 
can be obtained. 

For this reason, when the molds 5a and 5b are exchanged 
to other molds, the thickness of the molds is varied. Therefore, 
when the mold clamping force is changed, the position of the 
rear platen 2 must also be changed. In such a case, the 
processor 21 drives the mold clamping force adjusting motor 10 
via the input/output circuit 25 and rotates the nuts 9 via the 
power transmission mechanism to change the position of the rear 
platen 2 thereby perform adjustment of the mold clamping force. 

The constitution, function and operation of the toggle 
type mold clamping apparatus of the injection molding machine 
described above are the same as those of a toggle type mold 
clamping apparatus of a conventional injection molding machine 
and known in this technical field. The present invention is 
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to suppress fluctuation of a mold clamping force due to thermal 
expansion of the molds 5a and 5b or the like during an automatic 
operation of the injection molding machine to obtain a stable 
mold clamping force. 

Fig. 2 is a diagram showing measured values of a driving 
current of the mold clamping servomotor 8 detected by the 
current detector 12 when a mold closing operation^ a mold 
clamping operation and a mold opening operation are conducted 
by driving the mold clamping servomotor 8 . 

Since it is necessary to accelerate the movable platen 

3 and the movable mold 5b up to a predetermined speed when the 
mold closing operation is started, driving current is increased 
due to acceleration, and when reaching the predetermined speed, 
a load applied to the mold clamping servomotor 8 becomes 
approximately only a frictional force, which results in 
lowering of a driving current. Then, since the mold clamping 
servomotor 8 is decelerated just before a mold touch position 
Pt where the movable side mold 5b comes into contact with the 
fixed side mold 5a, a reverse current (a negative current) is 
caused to flow due to the deceleration so that the molds 5a and 
5b are brought into contact with each other in the decelerated 
state . 

Since the movable platen 3 is advanced while the tie bars 

4 are being stretched in a range from the mold touch position 
Pt where the molds 5a and 5b come into contact with each other, 
the driving current flowing in the mold clamping servomotor 8 
is increased. As the result of stretching of the link of the 
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toggle mechanism 6, the degree of the reaction force against 
the stretching of the tie bars 4 received by the link of the 
toggle mechanism 6 is increased, so that the load received by 
the mold clamping servomotor 8 is decreased and the driving 
current is reduced- The mold clamping servomotor 8 is 
decelerated just before the movable mold reaches a position (a 
position to be positioned) where the set mold clamping force 
can be obtained so that a reverse current flows. At a lockup 
position Pe where the link of the toggle mechanism 6 is stretched 
so that the set mold clamping force can be obtained, the reaction 
force due to the stretching of the tie bars 4 is received by 
the toggle mechanism 6 and hardly acts on the mold clamping 
servomotor 8, with the result that the driving current flowing 
in the servo-motor becomes almost zero. 

At a time of mold opening, since it is necessary to release 
the toggle mechanism 6 from its lockup state and accelerate the 
movable platen 3 and the movable side mold 5b in a mold opening 
direction, a large negative currents flows in the servo-motor 
8. However, when the toggle mechanism 6 is released from the 
lockup state, the reaction force generated due to stretching 
of the tie bars 4 acts on the movable platen 3 and the movable 
side mold 5b, so that they are retracted at the set speed or 
faster. For this reason, a reverse current (plus current) flows 
so as to return the speed to the set speed, and thereafter a 
driving current generating a torque against a f rictional force 
flows. At a position of completion of mold opening, a current 
flows in plus direction which generates a reverse torque for 
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stopping the mold opening so that the mold opening operation 
is terminated. 

As described above, in the steps of the mold closing, the 
mold clamping and the mold opening, a pattern of the driving 
current flowing in the mold clamping servomotor 8 shows a 
pattern as shown in Fig. 2. 

A peak current value Ip(+) in a mold clamping direction 
(a plus direction) corresponding to a load applied to the mold 
clamping servomotor 8, generated during mold clamping from the 
mold touch position Pt to the lockup position Pe, varies 
depending on a mold clamping force generated. In order to 
generate a large mold clamping force, the stretching of the tie 
bars 4 must be increased and a corresponding large load is 
applied to the mold-clamping servo-motor 8, which results in 
increase in the peak current value Ip(+). Further, a peak 
current value Ip(-) in a mold opening direction (a minus 
direction) , generated at a start time of mold opening, 
fluctuates depending on a mold clamping force being generated 
in the lockup state, since a current corresponding to a torque 
required for release from the lockup state is required. 

This means that, if thickness of the molds 5a and 5b does 
not change and the mold clamping force generated does not change 
after the position of the rear platen is adjusted so that the 
set mold clamping force can be obtained according to the 
thickness of the molds used (or after a mold thickness 
adjustment) , a load applied to the mold-clamping servo-motor 
8 does not change and each of the peak current value Ip{-»-) and 



13 



the peak current value Ip(-) described above does not change. 

However, if the thickness of the molds 5a and 5b changes 
and the mold clamping force generated deviates from the set mold 
clamping force, which results in change in load, the peak 
current value Ip(+) and the peak current IP(-) also change. 
Therefore, by detecting the peak current value Ip(+) and the 
peak current value Ip(-) and confirming differences between 
these detected values and the peak current value Ip( + ) and the 
peak current value Ip(-) when the set mold clamping force has 
been obtained, an amount of change in the mold clamping force 
generated is understood. This means that, when the position 
of the rear platen is adjusted on the basis of the change amount 
such that the set mold clamping force can be obtained, a stable 
set mold clamping force can always be obtained during an 
operation of the injection molding machine. 

Fig. 3 is a graph showing a relationship between a 
generated mold clamping force and a peak current value Ip(+) 
during mold clamping which is obtained through an experiment, 
and indicates that the relationship between the generated mold 
clamping force and the peak current value Ip(+) can be 
approximated with a straight line L in a range from about 30 
ton to about 50 ton of mold clamping force. Therefore, since 
the stretching of the tie bars 4 and the amount of change in 
the mold clamping force generated are proportioned to each other, 
an amount of adjustment movement of the rear platen 2 for holding 
the set mold clamping force can be obtained by multiplying a 
difference between the peak current value Ip(+) of a mold 
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clamping force set as a reference value and a peak current value 
Ip(+) in any molding cycle during an operation by a 
predetermined proportional coefficient. 

In the present embodiment, after adjustment is carried 
out such that the set mold clamping force can be obtained 
according to the thickness of the molds used (or after the mold 
thickness adjustment) , the processor 21 outputting an automatic 
operation instruction to the controller 20 starts processings 
shown in Fig. 4 and Fig. 5. 

First, an index n is set to "'0" (Step Al) , and a molding 
cycle is started (Step A2) . From the drive current detected 
by the current detector 12, a peak current value Ip{+) during 
mold clamping is acquired and stored (Steps A3 and A4) . Next, 
the index n is incremented by '"1" (Step A5) , it is judged whether 
or not the index n reaches a set value N (Step A6) , and a 
processing from Step A2 to Step A6 is performed until reaching 
the set value N so that N peak current values Ip( + ) are stored. 
When the index n reaches the set value N, the stored N peak 
current values Ip( + ) are added and the sum is divided by N to 
obtain an average value Pave and the average value Pave is used 
as a reference peak current value (Step A7) . 

Next, after a counter s for counting a shot number (a 
molded number) is set to ^^0", ^^1'' is added (Steps A8 and A9) , 
a molding cycle starts (StepAlO), and a peak current value Ip( + ) 
is read during a mold clamping in the molding cycle so that the 
value is stored as a peak current value Pact in the present 
molding cycle (Step All) . After the present molding cycle is 
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completed (Step A12) , judgment is made as to whether or not the 
value in the counter s has reached a set number S (Step A13) . 
When the value has not reached the set number S yet, the control 
returns back to Step A9, from which a molding cycle is performed 
while updating the counter s, a peak current value Pact is 
obtained for each update and the processings from Step A9 to 
Step A13 are performed in a repeating manner until the value 
in the counter s reaches the set value S. 

When the value in the counter s reaches the set value S, 
the S-th peak current value Pact is stored at this time. An 
amount of change Pdiff in the peak current value is obtained 
by subtracting the reference peak current value (an average 
value of the peak current value) Pave obtained in Step S7 from 
this peak current value Pact (Step A14) . That is, 

Pdiff = Pact - Pave ... (1) 

As shown in Fig. 3, since the peak current value and the 
mold clamping force are in a proportional relationship, the 
amount of change Fdiff in the mold clamping force is obtained 
by multiplying the amount of change Pdiff in the peak current 
value by the proportional coefficient K (Step A15) , that is, 

Fdiff = Pdiff X K ... (2) 

Further, since the mold clamping force is generated by 
and proportional to the stretching of the tie bars 4, the 
adjustment amount (the movement amount) Tadj for adjusting the 
rear platen position is obtained by multiplying the amount of 
change in the mold clamping force by the proportional constant 
F (Step A16) . 
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Tadj = Fdiff x F ... (3) 

From the above-described Equation (2) and Equation (3), 
Tadj = Fdiff x F = Pdiff x K x F = Pdiff x K' ... (4) 
is obtained. Therefore, the rear platen position adjustment 
amount Tadj may be obtained by omitting the processing in Step 
A15 and multiplying the amount of change Pdiff in the peak 
current value by the proportional constant K' . 

Judgment is made as to whether or not the rear platen 
position adjustment amount Tadj thus obtained is equal to or 
more than a preset adjustment amount Ta (Step A17). In case 
of Ta < Tadj, abnormality processing is performed and alarm or 
the like is displayed on the display device 27 to stop the molding 
operation (Step S26) . This means that, in a case where mold 
clamping has been conducted with any foreign matter such as a 
molded product or the like placed between the fixed side mold 
and the movable side mold, a large mold clamping force is 
generated, and a large peak current value Pact is generated, 
so that the amount of change Pdiff (= Pact - Pave) in the peak 
current value and the rear platen position adjustment amount 
Tadj also become large. For this reason, when the rear platen 
position adjustment amount Tadj becomes equal to or more than 
the set adjustment amount Ta, abnormality processing is 
performed and alarm is displayed on the display device 27 or 
the like. 

In case where the rear platen position adjustment amount 
Tadj has not reached the set adjustment amount Ta (or when Ta 
> Tadj), an accumulated value Tu is obtained by accumulating 
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the rear platen position adjustment amounts Tadj (Step A18), 
and judgment is made as to whether or not the rear platen position 
adjustment amount Tadj is in a set range of -Tr to +Tr (Step 
A19) . This means that, since the rear platen 2 is moved on the 
basis of the rear platen position adjustment amount Tadj to 
perform mold clamping force adjustment, the rear platen 
position adjustment accumulated value Tu becomes large, which 
may cause a case where the rear platen 2 is drawn out from the 
tie bars 4 or a case where the toggle mechanism 6 interferes 
with another member. Therefore, in order to avoid such a case, 
judgment is made as to whether or not the accumulated adjustment 
amount Tadj is in the range of -Tr to -i-Tr, and when the amount 
Tadj exceeds the range, abnormality processing is performed and 
displaying of alarm or the like is carried out on the display 
device 27 or the like (Step A27) . 

When the rear platen position adjustment accumulated 
value Tu is in the set range of -Tr to +Tr, judgment is made 
as to whether or not the accumulated adjustment amount Tadj has 
a positive value (Step A20 ) . When the amount Tadj has a positive 
value, a driving time Tadjt for the mold clamping force 
adjusting motor 10 is obtained by multiplying the rear platen 
position adjustment amount Tadj by a constant Q (Step A21) and 
the mold clamping force adjusting motor 10 is driven in a 
direction of a rear platen retreat via the input/output circuit 
25 by the driving time Tadjt, so that the rear platen 2 is 
retreated (Step A22) . 

On the other hand, when the rear platen position 
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adjustment amount Tadj has a negative value, the driving time 
Tadjt for the mold clamping force adjusting motor 10 is obtained 
by multiplying an absolute value of the rear platen position 
adjustment amount Tadj by the constant Q (Step A24) and the mold 
clamping force adjusting motor 10 is driven in a direction of 
a rear platen advance via the input/output circuit 25 by the 
driving time Tadjt so that the rear platen 2 is advanced (Step 
A25) . 

The counter s is set to ""0" and the control returns back 
to Step A9. Thereafter, in a state where the automatic 
operation continues, the processings of Step A9 and Steps 
subsequent thereto are executed. Each time when the number of 
molding cycles reaches the set number S, the peak current value 
Pact during mold clamping is obtained, so that the rear platen 
position adjustment is conducted and adjustment of the mold 
clamping force is carried out. 

In the above-described embodiment, a reference peak 
current value is set using an average value Pave of N peak current 
values obtained during mold clamping in N molding operations 
after the mold thickness adjustment according to the processing 
of Step Al to Step A7 . Instead of this average value, a 
reference peak current value may be set using a peak current 
value Ip(+) obtained during any one mold clamping after 
adjustment has been made such that the set mold clamping force 
can be obtained according to the thickness of the used mold (or 
after the mold thickness adjustment) , and the amount of change 
Pdiff in the peak current value may be obtained in Step A14 by 
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subtracting the detected peak current value Pact from this 
reference peak current value Ip(+). 

Further, in the above-described embodiment, in the 
automatic operation, each time when the number of molding cycles 
reaches the set molding cycle number S, the peak current value 
Pact of the last molding cycle has been obtained, and the amount 
of change Pdiff in the peak current value, the amount of change 
Fdiff in the mold clamping force and the rear platen position 
adjustment amount Tadj have been obtained. However, instead 
of the peak current value Pact in the one last molding cycle, 
an average value of the set N peak current values Pact may be 
obtained. In this case, in the processing in Step All, the peak 
current values Ip( + ) detected are sequentially accumulated, and 
when the value of the counter s reaches the set value S in Step 
A13, the average value of the peak current values Ip(+) during 
mold clamping in S molding cycles is obtained by dividing the 
accumulated value by S and the average value thus obtained may 
be defined as Pact in Step A14. 

In the above-described embodiment, since a motor whose 
positional control can not be performed is used as a mold 
clamping force adjustment motor, it is necessary to convert the 
rear platen position adjustment amount Tadj to the driving time 
as shown in the processings from Step A20 to A25 . However, when 
such a measure is adopted that the mold clamping force 
adjustment motor is replaced by a servo-motor so as to allow 
its position control or a position detector such as an encoder 
or the like is added to an ordinary motor, the rear platen 
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position adjustment amount Tadj obtained in Step A16 as well 
as a symbol may be instructed to the mold clamping force 
adjustment motor whose position control can be made, and a 
content of the processing from Step A20 to A25 is only changed 
to an instruction to output the rear platen position adjustment 
amount Tadj . 

In the above-described embodiment, further, after 
adjustment has been made such that the set mold clamping force 
can be obtained according to the thickness of the used mold (or 
after the mold thickness adjustment), the peak current value 
serving as a reference value is obtained and an automatic 
operation is subsequently continued, but the processing for 
obtaining the peak current value serving as the reference value 
and the automatic operation processing may be conducted 
independently from each other. In this case, the processing 
from Step Al to Step A8 in Fig. 4 may be a reference peak current 
value acquiring processing after adjustment has been made such 
that the set mold clamping force can be obtained according to 
the thickness of the mold to be used (or after the mold thickness 
adjustment) , and the processing from Step A9 to Steps subsequent 
thereto shown in Fig. 5 may be a processing during the automatic 
operation. Further, the processing for obtaining the peak 
current value serving as the reference value is not limited to 
a molding cycle, but it may be conducted by a manual mold 
opening/closing processing or a dry cycle. 

In the above-described embodiment, the mold clamping 
adjustment is conducted using the peak current value Ip ( + ) which 
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is the load during mold clamping, but the mold clamping 
adjustment may be conducted using the peak current value Ip(-) 
at a start time of mold opening, as described above. In this 
case, in Figs. 4 and 5, the peak current values detected in Steps 
A3 and All are only changed to the peak current values Ip(-) 
at the start time of mold opening, instead of the peak current 
values Ip (+) . 

In the above-described embodiment, the peak current value 
of the driving current corresponding to the load applied to the 
mold clamping servo-motor 8 is detected and the mold clamping 
force is obtained from the peak current value detected. Since 
the mold clamping force is obtained using the current detector 
provided for driving and controlling the mold clamping 
servo-motor 8, a special sensor for detecting a mold clamping 
force or the like is not required. 

Furthermore, instead of obtaining the peak current value, 
a known observer is incorporated into the axis control circuit 
23 for controlling the mold clamping servo-motor 8 and a load 
applied to the mold clamping servo-motor 8 is estimated and 
obtained by the observer, thereby obtaining a mold clamping 
force- In this case, also, the mold clamping force can be 
obtained by only adding software without loading hardware such 
as a special sensor or the like. 

Fig. 6 and Fig. 7 are graphs showing relationships of mold 
temperatures, mold clamping forces and peak current values 
during mold clamping, measured while changing the mold 
temperature, when mold clamping force adjustment was performed 
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by applying the present invention and when a mold clamping force 
adjustment was not performed without applying the present 
invention, in order to confirm an advantage effect of the 
present invention. Fig. 6 is a graph obtained when the mold 
clamping force adjustment was not made without applying the 
present invention, and Fig. 7 is a graph obtained when the mold 
clamping force adjustment was made by applying the present 
invention. In the graphs, a horizontal axis shows a shot 
number (the number of molding cycles) and a vertical axis shows 
a mold clamping force, a mold temperature and a peak current 
value, where the left scale denotes a mold clamping force 
represented by a unit ^^ton" and a mold temperature represented 
by a unit ^"^C", and the right scale denotes a rate ^^%'' of a peak 
current value measured when the maximum driving current of the 
mold clamping servo-motor is defined as 100. 

In Fig. 6 where the present invention was not applied, 
when the mold temperature changed in a range of the maximum about 
6^C, the peak current fluctuated in a rate of 17% and the mold 
clamping force fluctuated in a magnitude of 6 ton. On the other 
hand, in Fig. 7 where the mold clamping force adjustment was 
performed with application of the present invention, when the 
mold temperature was changed in a range of the maximum about 
6°C, the peak current fluctuated in a range of 4% and the mold 
clamping force fluctuated in a magnitude of only 1 . 9 ton. Thus, 
it will be understood that, according to the change in mold 
temperature, the peak current value and the mold clamping force 
varied largely in Fig. 6 where the present invention was not 
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applied, while changes of the peak current value and the mold 
clamping force became small in. Fig. 7 where the present 
invention was applied, thereby enabling a remarkable 
improvement to be achieved in the case of the present invention. 

According to the present invention, fluctuation of a mold 
clamping force can be suppressed to the utmost and a stable mold 
clamping force can be obtained even if a mold temperature is 
changed so that the thickness of a mold is changed. By 
restricting an adjustment range of a rear platen movement for 
automatic adjustment of a mold clamping force, interference of 
a toggle mechanism with another member and/or separation of a 
rear platen from a tie bars can be prevented. Further, in case 
where an adjustment amount is large, alarm or the like can be 
generated assuming that abnormality has occurred. Moreover, 
a mold clamping force can be obtained without using a special 
hardware . 
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